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Motion Characteristics of Maize Mixture on Bionic Screen
Based on Earthworm Motion Characteristics

WANG Lijun YU Yongtao ZHANG Shuai SONG Lianglai FENG Xin
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; To explore the motion characteristics of maize mixture on the bionic screen designed based on
the earthworm motion characteristics, the non-harmonic motion of the bionic screen in EDEM was realized
by using API, and computational fluid dynamics and discrete element method ( CFD — DEM ) were
coupled to simulate the motion of maize mixture under the combined action of airflow and bionic screen.
The mechanism of maize mixture migrated on bionic screen was clarified by analyzing their screening
process. The horizontal migration and vertical stratification of maize mixture in different areas of bionic
screen were studied. The numerical simulation results showed that the average horizontal velocity of maize
grain, cob, and stalk on the bionic screen was 0. 63 m/s, 1. 60 m/s and 2. 51 m/s, respectively, which
was conducive to the horizontal separation and dispersion of maize grains and impurities along the screen
surface. The average horizontal velocity of the maize mixture in the front of the screen was the fastest,
which was 1. 71 m/s, indicating that the bionic screen could make the maize mixture migrate backward
rapidly in the front of the screen to reduce the accumulation at the feeding end. When the maize mixture
moved from the middle to the tail of the screen, the average vertical displacement of maize grain was
decreased from 40. 20 mm to 19. 59 mm, and the average vertical displacements of the cob and stalk were
increased from 54. 47 mm and 71. 31 mm to 64. 31 mm and 77. 01 mm, respectively. From bottom to top,
the maize mixture on the screen was maize grain, cob, and stalk, respectively. With the maize mixture
migrating backward, the vertical stratification of maize grain and impurity became more apparent. The

motion state of the maize mixture on the bionic screen and their horizontal velocity changed were analyzed
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by the high-speed camera, which was basically consistent with numerical simulation results. The

mechanism of maize mixture migrated on bionic screen was verified. When the inlet airflow velocity of

cleaning device of the bionic screen was 12.8 m/s, and its airflow direction angle was 25°. The

maximum concave depth of the screen surface was 50 mm, and the rotational speed of the cams were

120 r/min. The loss percentage and impurity percentage of maize grain of the bionic screen was 0. 61%

and 1.94% , respectively, which met the requirements of the national standard. The research result can

provide a reference for parameter optimization and the exploration of flexible screening mechanisms of the

maize bionic screen based on the earthworm motion characteristics.

Key words: screen of corn cleaning; bionic; maize mixture; CFD — DEM; motion characteristics
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Diagram of principle that maize mixture was

migrated backward by bionic screen
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mixture in different areas

DB T K fF R B 2 %8 6 B B R, Ol
132. 64 mm, 73 5| b [] DX 38 =25 AT LS /9 7 2 % A

B4 K 38. 94 mm Fl 42. 25 mm,, {HUWLELA; H i FE ] LU
BB, BB X T BB 20, £8E
DB T 530 oK 5 H0 0 2 ek o, 5 KB 40 DA} 50
M & 1) 3k B v gl RUAIL 7™ AR 0 A IR, T SO AE
e A R R 1 = R/

| S S AN -3 5 o O R e K E R VA %
5k 40.20 71,31 .54. 47 mm , A Lb X388 T 53 5] B AIG
69.69% .23.90% F 39.74% ., J5 N & < % % IX
S T0 6 K08 HE 40 1 R P U 555, ) s K G H
Wb TR RS . BT, ZEFFA T B R W i i
2 IR KPR T 8 R 2 AR RS A AE % HL T
(SRR IR TR =S

X3 T oK A7 AL 25 RIS 1) 7 34 88 A7 % A
o DX 1T 4350 34 in 7 0. 88 .3.74 8. 24 mm, FEjE
KB p X T g DX s I s 9 Bk AR ki
Y, B AT RS DX I H B /DN R A 38 K
F A R A 3G R R BE K T RFRL, (R L R 2%
1E% B 7 ] B4 2 @m i

XL IV £ K kR 3% E AL
19.59 mm, A L X4 T ~ T 4 210 0 A9 RRAIG, 58
JRR EE AR XS T ~ I E 2 KRS, 18 30
| WV O AN S N i AL S K A |
BRI o ZEFFRIGES 1 O 38 58 B RS N Ak 221G K Ay
S F] 77,01 mm Hl 64. 31 mm, 1 B 25 FF FLE 9
B B 2 B e 4 ik 0 T, 50 T AR 4 RS R B
JERE R, S BORFRL I 2% 4% 75 O 44 B8 0 1) 1 1 43 23 Ak
R o

4 BERIIEKE

4.1 BEFKAE

S 8 UE )5 A= 0 6T B T K B 4 B As AR L
i I HL LR B P 12 T 78 18 47 A= O i R I
(FRCE% 3 S

B2 [ e E
Fig. 12 Cleaning device of bionic screen
LRAL 2.8k shbi 3. (520 4. @ s BIRHL 5. @bl 6.3t
WHL 7. A

3 3 AL A3 45 AL T 1) £ R B, R i 3k



164 &l #Hl

2022 4

B E N FVACU 0 RS A7 0] AR 4 iR E R 12, 8 m/s
250 i B B KR MR 2 50 mm ™ AR e 5Ky
120 r/min, R F K WA R PEik 205, F 2020 4F 10
A1 HBAZRICR M R R 22 B il 3, KA R
SRR I B K R L i oy 27.41% ~27.65% |
37.22% ~38.01% 1 57.09% ~58.22% ., iR %=
MR GB/T 21961—2008¢ £ K Wi 3k AL A ik 45 J7 ) 2
A7, IR0 K K D ) 2% 2 BB 3 4% L A 3 5 TR

A ETE 3 s NN A 15 kg, AR IE LM A B R
5 kg/s,
F BT A PCO. dimax & ¥ 5% 14 HL 8% 3k A1 £f 7

A FR F 48 B TG vk TR T R A O T, R Ok DA 45 AR R
1A 1 ~8 B TR, KB W AE
A — Az g A (1.5 ~2.0 s) WY izs R 25
Pl 13 JT 7 o B T AN ] 228 285 e 3 o 7 T 110 ok 1)
VIR G T ) R R e BB A8 AR T L ORI, IR 1
L AR A2 7 1) J5 B Bl 14 2o R el 07 A i 3 R K
W 10) Ji5 32 B8 LA b i ek ity R K B R 0 i HE AR

(b) 351,157 s

(¢) B2,1.69 ¢

(d) #£3,1.79 s
B 13 T KRB0 4 1 45 A 0 IR S 25 i 132 R3S
Fig. 13

Motion states of maize mixture in different

postures of bionic screen
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Fig. 15 Variation curves of average horizontal velocity

of maize mixture in | and I areas
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Tab.4 Test results of average horizontal velocity of

maize mixture

i A S/ e/ MXFRZE/
K B N (mes-1) (mes-) “

HF L 1.02 1. 00 2.00
I ZEFF 2.21 2.29 3.49
M 1.79 1.85 3.24
AL 0.59 0. 61 3.28
Il 2 HF 2.66 2.73 2.56
oy 1.65 1.61 2.48
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F 77 7 B 1 0 26 L 07 i )RR A 2 3 A 2
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RIS PR (A i 1 265 B AT R O R K (E
0. 61% ,FF KL 2 R I E A 1. 94% , 175 3 1E fE W
JE [ R SR
5 it

(1) TR FFRL 8 R0 25 FF 78 05 A= 0 b 19 7 241K
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Tab.5 Test results of cleaning performance of bench

75 FERLHE K %R/ % FPRL 5 24/ %
1 0.57 1.85
2 0. 69 2.23
3 0.58 1.91
4 0. 44 2.31
5 0.76 1.40
{4 0.61 1.94
e 22 0.11 0.32

B o KB A K I 1% 1 187 K P B A K
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WA T o b2, 40 )2 8O W e, HL Rl K 38
i ) I 38 Bl R N 2% A AE 8 B 1) B 4 2 TN
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